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MILITARY CURRICULUM MATERIALS

¢

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was togae curriculum materials
developedbyﬂ'emhtaxymmaccessxbletcvocaumal :
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted or appro—
val for their use was cbtained. These course packages contain
" curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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Military
. Curriculum Materials
- Dissemination Is . . .

an activity 10 increase the accessibility of
military-developed curriculum materials to
vocationat and technical educators.

This project, funded hy the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
forfn from the Coast Guard, Air Force,
Army, Marine Corps and Navy:

b

What Materials
Are Available? |
b g

One hundred twenty courses on microfiche
(thirteen in paper form} and descriptions of
each have been provided to the vocational
Curricutum Coordination Centers and other
instructional materials agencies for dissemi-
nation. -

Course materials include programmed
instructicn, curriculum ouflines, instructor
guides, student workbooks and technical

How Can These
Materials Be Ob?ained?
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Contact the Curricul;lzu Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost}. They
will respond 10 your request directly or refer
you t0 an instruciional materials agency

closer 10 you.
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- Springfietd, L 62777  Airdustrial Park .
_The acquired materials are reviewed by staff Agriculture Food Service 217/7824759 Otympia, WA 98504
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deemed applicable 10 vocationat and tech- Building & ° Heating & Air . o
nical education are selected for dis:2mination. Construction Conditioning . MIDWEST SOUTHEAST .
’ Trades Machine Shop Robert Patton James F. Shill, Ph.D."
The Nationat Center for Research in Clerical Management & Director Director o
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Twenty Three

OVERVIEW
BASIC ELECTRICITY AND ELECTRONICS
MODULE TWENTY THREE

Multivibrators

In this module you will lear: about multivibrators. Multivibrators may be
thought of _as Square wave gencrators. The output may be continuous square-

waves, or pulses triggered by input waveforms.

This module has been separated into the following tﬁree lessons:

Lesson | Bistable Multivibrator Operation (Flip-Flop)
Lesson Il Astable Multivibrator Operation (Freé-Punning)
Lesson |1l Monostable Multivibrator Operation {One-Shot)
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BASIC ELECTRICITY AND ELECTRONICS

MDDULE TWENTY THREE

LESSON 1

e

BISTASLE MULTIVISRATOR OPERATION (FLiP-FLOP)

1 APRIL 1977




Overview . Twenty Three-ti

OVERVIEW
. @ﬂ‘Q
23.1.45.3 CONSTRUCT a basic flip-flop (bistable) multivibrator, g.ven
a schematic diagram or a parts layout template for a flip-

flop multivibrator and a supply of parts. The constructed
circuit must be OPerational as specified in the job program.

23.1.45.3.1 10ENTIFY the normal output waveform of a basic flip-flop
' - multivibrator by selecting the illustration which resembles
the normal output waveform of a flip-flop multivibrator for
which the input signals and a flip-flop (wi:h toggle) symbol
are given. At least one input pulse will have o eff
100% accuracy is required.

Earichment Material{s):

Basic Electronics. Vol. 2, NAVPERS 10087-C

-~

-

YOU MAY USE ANY, OR ALL, RESOURCES LISTEO ABOVE, lHCLUOIHG THE LEARNING
SUPERVISOR; HOWEVER, AL! MATERIALS L’'"TED ARE NOT NECESSARILY -REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE P SRESS CHECK MAY BE TAKEN AT ANY
TIME. -
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Study Resources o , Twenty Three-}
] -

LIST OF STUDY RESOURCES ) : .
LESSON §

Bistable Multivibrator Operation {Fllp-Flop).. -

+

* To jhzrn the material ir this tesson; you have:the optinn of choosing,
according to your experience and preferences, any or all of the follow-
ing study re< A ¥ g
Written Lesson sentation in: .

. ' Module Booklct:

Summary
Programmesd Instruction 3
Narrative

Student's Guide: . ¢

Job Program Twenty Thrée-1 "Flip-Flop Multivibrator"
Progress Check

Additional Material(s): o
Audio/Visual Program Twenty Three-1 '"Bistable Multivibrator"

D Earichment Material(s):

Basic Electronics, Vo!. 2, NAVPERS 10087-C

-~

-

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, IKCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALY MATERIALS L' "TED ARE NOT NECESSARILY -REQUIRED
T0 ACHIEVE LESSON OBJECTIVES. THE P RESS CHECK MAY BE TAKEN AT ANY
TIME. :

L]
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Summary ° ' ~ Twenty Three-|

The biock diagram symbotl for a flip~flop gircuit is shown Iin Figure 2. .

s ¢ I}
:L % ol:

Figure 2

The two Irputs are designed Set (S) and Clear {C). The two outputs are

identified as 1" and '"'0". A trigger pulse or the Set Input will cause

the '"1” output to 90 either positive or negative depending on the type

of transistors used. At the same time the '"'0" output wiA equal zero

volts. If the '"'1" output measures high voltage, the "0 ocutput must _
measura a low voltage -- usually zero volts. . k.

A claar state exists when the ‘'1" output measures low volitage and the '0O"

outpys sures biah vQltage, “The flip-flop will: flo the clear state
lw ’ xf\&i

+Vhb

!

S "T" C

Figure &

This steering network {CRl, CR2) wil] steer a POsitive input pulse to
the saturated transistor -- causing it to cut-off.

b
Ui




Summary Twenty Three-|

Every time a positive pulse is applied to the T input, the flip-flop will
change states., This is accomplished with a diode steering network as
shown in Figure &. (Note that if NPN trassistors were used the diodes
would have to be reversed and the T signal would have to be negative.)

Figure &

This steering network (CR1, CR2) will steer a positive input pulse to
the saturated transistor -- causing it to cut-off,

b
Ut
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PROGRAMMED INSTRUCTION
LESSON 1

Bistable Multivibrator Operation (Flip-Flop)}
‘ -

TEST FRAMES ARE 9 AND 15. AS BEFORE, GO FIRST TO TEST FRAME 9 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER
. THE TEST FRAME.

i.

As a technlcian, you will encounter many applications of two-position

switches. Bistable multivibrators function as if they were two-position
switches: two-position electronic switches. Technicians generally know

this ¢irecuit by another name: the fllﬂlog Flip-flops can "flip"
Y bac

rapidly to one state or '"flop" rapi

"and C3 to the input of transistor Q2 (point B).

to their original state, If

.. . .l.. o - ro. r - -._{'.'. f
I I#M

INPUT |u901
NO.t No.2

Flgure 1

The flip-flop circuit s completely symmetrical. Notice that there are

two inputs coupled to the bases of the transistors. The two outputs are
coupled from the collectors of the transistors. Think of the flip-flop

circuit as two common-emitter amplifier circuits -- where the output of

one amplifier is connected to the input of the other amplifier and vice-
versa,

Refer to Figure 1. Point D is the output of transistor Q2. Notice that
point D is connected through R4 and C4 to point A. Point A is the input

to tranSIstor Ql.
L]

Also. point C -- which is the output of Q1 -- is connected through R3

The output of one transistor will affect the input of the other transis-
tor.

The voltage on the collector of Q2 will affect the voltage on the base
of .

18
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‘not as complicated as it first appears.

2. Study the schematic of a-basic flip-flop shown in Figu-e 1. It's

INPUT ! NPT
NOY %02
Flgure |

The flip-flop circuit is completely symmetrical. Notice that there are

two inputs coupled to the bases of the transistors. _ .The two outputs are
coupled from the collectors of the transistors. Think of the flip-flop

circuit as two common-emitter amplifier circuits -- where the output of

one amplifler is connected to the input of the other amplifier and vice-
versa.’

Refer to Figure 1. Point D is the output of transistor Q2. Notice that
point D is connected through Rk and €4 to point A. Point A is the input

to transustor Ql.
L]

Also, point € -~ which 15 the output of Q1 -- is connected through R3

"and €3 to the input of transistor Q2 {point B).

The output of one transistor will affect the input of the other transis-
tor.

Yhe voltage on the collector of Q2 ;ill affect the voltage on the base
of

18
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. ' P. L. . _ Twenty Three-1
3. When we apply power to the flip-flop, one of the transistors will go

to saturation and the other transistor will go to cutoff. Why should
the transistors react differently? )

Actually, the transistors are matcHed as closely as possible. However,
" because of slight differences in conduction properties betwee,, any two
*transistors, the circuit will be slightly off-balance. This small differ-
ence causes one transistor to conduct more than the other. The transis-
tor with the higher initiai current flow wili go into saturation. Remember
that the output of one transistor affects the input of the other transistor.
Because of the reduced voltage at the output of the saturated transistor,
the other transistor will be forced into cutoff. .

~
) : AN
If one transistor in a flip-flop is saturated, the other transistor must
be
cut-off

4. In order to expﬁain why one transistor must be cut-off when the other
transistor is saturated, let's assign typical values to the components
and voltages in a flip-flop. Temporarily ignore the input capacitors

and capacitors C3 and Ch. The simplified typical circuit is shown in
Figure 2.

kwﬂi-wv

Figure 2

Two voltage divider networks extend from -10v {-Vcc) to +6v (+Vbb). One
voltage divider consists of resistors Rl, R4, and R6. The other voltage
divider consists of resistors R2, R3, and RS. )

FRIC * .. oy 19 | ,




P.1. Twenty Three-|

Which voitage divider network supplies the bias pOténtial to the base of
Q17

R1, R4, and R6.

- . :
5. Let's assume that in the initial state transistor Q1 is saturated and
Q2 is cutoff. Remember that the voltage drop from the base to the emitter
of » saturated transistor is essentially zero volts. Figure 3 shows the
voltage drops on the voltage divider network connected to the base of Ql.

(=veclg =10y
R &
I ]
]
fl‘
o A 2?50
py AR X ¥
i A’
e - A\f’h"-”'\ /_ 49K ’ _._.Ol‘?;ﬂ'
. R4 i '
.8 H
s el
_______ 3
o1 > 0y 1‘ o2 .
{SATURATEO! ": M leuT-0FF)
< . 1
‘f .‘é" ‘.‘~o‘
-

Figure 3

Since no current flows through Q2, very']ittle voltage is dropped acrﬁss'
‘R6 {approximately .5v). The voltage at output #2 in respect to ground
would measure approximately -9.5v.

The voltage at the collector of the cutoff transistor {(Q2) is approximately

a. -Vecc
b. Ov
c. +Vbb

4
a. -Vcc Ta high voltage output at output 72).

-

20




P.1. ‘Twenty Three-|

6. .Refer to Flgure & for the values on th? other voltage divider network.

b

(=Vee) I -0V

o
{SATURATED)

K
'lr-‘ﬂ,—\

S Figure &

Since Ql is saturated, there is a high current flow through R5. You would
measure approximately zero volts (ground potential) at point C. Notice
that the base of transistor 02 Is between Ov {at point C) and +bv (at +Vbb).

Therefore, the voltage at the base'of transistor 02 must be—(ggsitlve/
negative). ' :

positive {between Ov and +bv)

7: A positive voltage on the base of a PNP transistor will cause that
transistor to become cutoff. '

As you can see, the voltage on the base of one transistor Is dependent on
the voltage on the collector of the other transistor.

';Oﬁe transistor is saturated; the other must be cut off. The flip-flop Is
stable'In this state,

Do not forget that the flip-flop Is a '"bi''-stable multivibrator, bi-vwe
(2).

,Thg flip-flop has stable states.

T

-
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pP.l.

two (2) .

8. S0 how do we chaige the state of the flip-flop?

*>

Let's return the capacitors to the bistabie multivibrator (Figure 5).

Figure 5
Capacitors (3 and C4 are used to transmit more rapidly any chanqgs in
voltage from the collector of one transistor to the base of the other
transistor. Cl and C2 are input coupling capacitors.

As before, assume that transistor Q| is saturated and transistor Q@ is
cut-off. We now have a choice. We could apply'a positive-going pulse
to input #1 to ¢ause Q to change from saturation to cut-off. Or we
could achieve the same result by applying a negative-golng puise to .
input #2. Transistor Q2 would then change from cut-off to saturation.
‘Normally, a pulse is applied to the saturated transistor ~-- causing it
to cu:~off. An input puise which is of the correct polarity to chanje
the state of the flip-flop is called a "trigger' pulse.

If Q2 in Flgure 5 is saturated, the pre}erred method for changing the

state of the circuit is *o apply a (positive/negative} pulse to (Q1/02).

Pgsﬁlve. Q2

16

e




P.l. Twenty Three-|

9. TEST FRAME . ' .

In Figure 6, we have applied a positive-going pulse to input Fi at time (‘ .

Ti. ]

L]

. I—Wm ’

L}
e - = -¥ee
[] [ ] 1 L} L} [ ] .
“pe-bec pe-beet
W T T2 TO T T2

THIS iS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWER GIVEN
‘ AT THE TOP OF THE NEXT PAGE. e
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cut-off, saturated {in that order)

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 15,
OTHERWISE GO BACK TO _FRAME .1 ANO TAKE THE PROGRAMMEO SEQUENCE BEFORE. TAKI NG
TEST FRAME 9 AGAIN.

10. Apply @ second positivé-going pulse to input #1, ﬁre will be nb
effect. Why? Because Q1 is already cut-off.

Now apply 2 positive pulse to input #2; QI will go back into saturation
and Q2 will again be cut-off; gee Figure 7.

Thc. T output n!fl Measure a_pproximatﬁy Vec.

12. A siutpler way to- show a flip-flop, once you understand how it func-
tions, is to draw a block diagram to represent the circuit. A speclal
. kind of block has been adopted as a standard symbol for the fiip~Flop,

and it looks 1ike this:
H— |
of— B

Figurg 9

-

The two Inputs are represented by the tines on the left and the outputs
by the lines on the right. ' .

INPUTS to Flip-Flop are S (SET) and C {(CLEAR) . _
OUTPUTS from flip-flop are "1" and "0 .- . - B

925 -
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A trigger pulse applied to the Set input causes the "I" output to go
positive or negative, depending on the type of transistor. At the same
time, the 0" output will ecual zero volts. This condition is called
the Set State. in the sel state the "1" output is a high voltage {or
just "high™} and the "0 output is 2ero volts.

A -
T Puee |S L (]orowhage
—c /F Ot
Figure 10 .

if another trigger pulse is applied to the Clear input, this produces
a positive or negatlve voltage (high) out of the "0 output. The "1*
output goes to 2ero volts {low). This condition is called the Clear

State.

"~10 volts !
Trigger Puise 3 F !
C F o +Gl—‘ '
Figure 11

To determine what state the flip-flop is in, you can measure either the
"} or the "0 output. .

Using a Qoltmeter you measure the "l"‘output end find ~6v. The flip-

flop s in the (clear/set) state.

set

13: Some flip-flops use a third Input lead. This third input lead is
callied a ""Toggie" (T) input. Every time we apply a pulse to the T in- .
put, the flip-flop will change states. Refer to Figure 12.

&
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Figure 12

Tha two dlodes {CR1, CR2) form @ "stearlng network''. This steering net-
work will steer & positive Input.pulsa to the saturated transistor ==
causing It to cut-off. Negative pulsas are blocked by the dlodas. {Note
chat- if NPN transistors were used the diodes would have to be reversed
and the T slgml would have -to be negative.)

for nannple. let's say that Q1 Is saturated and Q2 Is cut-off. We apply
8 positive pulse at T. The pulse will be passed to both transistors.

The positive pulse will not affact Q2 since It Is already cut-off. QI,
howsver, will cut-off which will cause Q2 to become saturated. The tran-
sistors have reversed states. s

Wkat will happen If we apply another positive pulse at T?

Thc transistors will again change “states -- QI wiil be saturated and Q7
will be cut-off {or words to that effect)

- J
u
o

21t ;37;
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‘I._
15. TEST FRAME

Draw the correct "1' output waveform for the flip-flop in Figure 15 with
the Set ($), Clear (C), and Toggle {T)} inputs shown. {Assume flip-flop

originally in the Clear state.)

- am m omh EmoEm W ok W

il St wiaded et i ]

--------------------------------------

THIS 1S A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT AMSWER GIVEN
AT THE TOP OF THE NEXT PAGE.

23 29?{
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15. TEST FRAME

Draw the correct '"1' output waveform for the flip=flop in Figure 15 with
the Set ($), Clear (C), and Toggle {T) inputs shown. {Assume flip-flop
originally In the Clear state.)

L W W

il St wiaded it [

0 T1 T2 T3 T4 15 T8

......................................

THIS 1S A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.

23 29?{




P.1. ’ | Twenty Three-|

~ IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU MAVE COMPLETED THE PROGRAMMED

INSTRUCTION FOR LESSON | MODULE TWENTY THREE. OTHERWISE GO BACK TO FRAME
10 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN.

. AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST [TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT &OU CAN RESTUDY THE PARTS OF THIS ~
LESSON YOU ARE MAVING DIFFICULTY WiTH. IF YOU FEEL THAT YOU MAVE °
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
-ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUD10/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

30

24
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The circuit probably looks complicated to you if you are seeing it for
the first time. Actually, because Tt is symmetrical, we can analyze’ it
with little difficulty. The inputs are coupled to the bases of the:
transistors and the outputs are coupled from the collectors of the tran-
sistors. Think of the flip-flop as two common-emitter amplifier circuits
-- where the gutput of one amplifier is connected to the ingut_of the
other amplifier and vice-versa. Refer to Figure |I. Point D is the out-
put of transistor Q2. Notice that point 0 Ts connected through R and Cﬁ
to point A. Point.A is the lnput to transistor QI

By the same token, point C -- which is the output of Q1 -- is connected
through &3 and C3 tg the input of transistor Q2 (point B). The. output
of one trensistor will affect the input of the other transistor.

When we:_apply power to the flip-flop, one of the transistors will saturate
and the other transistor will cut off. But because of slight differences
in tonduction properties between any two transistors, one transistor will
conduct slightly more than the other transister. This slight difference
in conduction properties is enough to throw the flip-flop off batance.
One of the transistors will continue to increase its current flow until
It reaches saturation. When this transistor reaches saturation, its
collector voltage is very dow In respect to ground. Since the voltage
on the collector ¢f one transistor affects the base voltage of the other
transistor, the other transistor will be forced into cut-off.

. iy
The transistors operate almost as if they were two mechanically inter-
connected switches. When one switch opens, the other switch is forced
to close, and vice-versa (Figure 2).

SWITCH 1 e = swiTCH 2
(1) : (Q2)

Figure 2

-

At no time can.both switches (transistors) be in the same state.

If one transistor in a flip-flop is saturated, the other transistor
must be .




Narrative - . Twenty Three-|

-

Since no current flows through Q2, very llttle voltage is dropped across
R6 (approximately 0.5v). The voltage at output #2 would measure -9.5v
in respect to ground (approximately -Vcc).

-
This voltage (-9.5v) is considered to be a hlgh voltage output at output
#2. (Output 2 1s sald to ‘be high.)

'Refgr to Figure 5 for the values on the other voltage divider network.

A
AAN e ——

Flgure §

Since Q1 is-saturated, a large current, flows through RS, You would measure
approximately zero volts (ground potential) at point C. Notice that point
B is located between point C {at Ov) and +Vbb (at +6v). You would measure
a positive voltage (between Ov and +6v) at the base of Q2 {point B). A
positive voltage on the base of a PNP transistor will cause that transis-
tor to become cut-off,

One translstor is saturated- the other must be cut-off., The flip-flop Is
stable In this state. : . :

No not forget that the flip-flop Is a 'bi'" -stable multivibrator:
b: meaning ‘two (2); the flip-flop has two two stable states.

So how do we change the state of the flip~-flop?
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_ Let'q return the capacitors to the B¥stable muiltivibrator (Figure 6).

Irwu

Figure 6

Capacitors C3 and C4 transmit more rapidiy any changes in voltage from
the collector of one transistor to :he base of the other transistor.
Capacitors Cl and C2 are Input coupling rapacitors.

As before, assume that transistor Ql is saturated and transistor Q2 is
cut-off. We now have a choice. We could apply a positive~going pulse
to input 1 to cause Qi to change from saturation to cut-off. Or we
could achieve the same result by applying a negative-going pulse to input .
#2. Transistor Q2 would then change from-cut-off to saturation. Normall
a pulse Is applied to the satufated transistor -- causing it to cut-off.
~ An Tnput pulse which is of the correct polarity to change the state of
the flip-flop Is called a trigger pulse.

29




Narratlve

In Flgure 7, we have applled & positive-going pulse to input #1. The
filp-flop has changed states. Now: Q1 is cut-off; Q2 is saturated.
This input pulse is a trigger pulse.

Figure 7 ,
- ) s
Apply a second positive-going pulse to input #1. The effect is: no

effect!]l Why? Because Q) is already cut-off, a posltlve\puISQ on its
_ base will have no effect.

But if you now applied a positive-going pulse to Input #2, tha flip=flop
would change back to its original state (Figure 8).

_I-\‘cc l

Twenty Three-1 '
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4

So far, our basic flip-flop used only PNP transistors. We could have just
as easily used NPN transistors. Functional operation doesn!t change,
only the polarities required for conduction and cut-off change:

As a technician, you may see ejther type NPN or PNP. All you are really
concerned with is whether or not it operates properly. To avoid possible
confusion with voltage polaritncs. we sovetimes use a symbolic block dia-

gram, see Figure 9. . .

S E

INPUTS F/; }ouwurs

—C

-

Figure 9

INPUTS to flip-flop are S{SET} and C(CLEAR)
ouTPUTS from flip-flop are 1" and "0

A trigger pulse applied:to the Set input causes the "1' output to go
positive or negative, depending on the type of transistor. At the same
time, the "0' output will equal zero volts. This condition is called
the Set state (Figure 10}.

Y
a

' | T‘MS E | +0r ~ voitage - —~—— -
J,F 0 volts

Figure 10

If another trigger pulse is applied to the Clear input, this produces a
positive or negative 'voltage out of the "0'" ocutput. The "'I'" output goes
to 2zero voits. This condition is called the Clear State;see Figure 11.

To determine what state the flip-flop is in, you can measure either the *
""" or the '"'0" output. Measuring 0 volts at the ''i* output teils us the
fiip-flop is in the Clear state. If, on the other hand, we had measured
the "0' output, the positive or negative voltage would also have told us
we were in the Clear state. Either way, we'd only need to take one
reading.

i -
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.

:' . ' ' Figura 11
é_' . In the below .Qinéle*. indicate the state (Set or Clear) of the flip-flops.;
. . - - s " I + voltage -
| 2. ‘ .
’ _ s ' 0 voits ,
. - F/F + )
C O
3. e '
""""lfi ) 0 voits
— e # v
c " oF
A, , - voltege
— 5 ! ‘
Figure 12
- 38
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. Set )

Clear “ . . .
Clear .
Set o

Fwe

Look now at‘figure 13. The flip=-flop is origlnal!y in the sat state. -

Figure 13 -

in Figure 13, compare the changes in output voitage at each point in time
(T0, T1, qtc.) with the input pulses. Careful study of this figure should,
sstablish in your mind exactly how & flip-flop works. .

Soms f1ip-Flops use a third fnput lead. This third input lead 1s called »
"Toggle’ (T) input. Every time we apply & pulse to the *'T'' Input, the
flip~flop will change states. Refer to Figure 14, )

Figure 14

39 -
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® .

The tvo diodes (CRI, CR2) form a "steering network'. This steering network
will steer ¢ positive input puise to the saturated transistor -- causinj

. it to cut-off. Negative pulses are blocked by the diodes. (Note that if
NPN transistors were used the diodes would have to be reversed and the T
signai would have to be negative.) '

For example, ier's say that Q) is saturated and Q2 is cut-off. .We apply
a positive pulse at T. The pulse will be passed to “oth transistors.
The positive pulse will not affect Q2 sipce it is already cut-off. QI,
‘howaver, will become cut-off which will{uuu Q2 to become saturated.
The transistors have reversed states.

On the block diagram below, which represents the Hultlvlbrator of Figure l'l
the Toqgl..(f) input is as shown in Figure 15,

3
A
O
1
R
1
A=
-
[}
N
l ]
1
1
1
'
1
kn
1 1
Lo
s

/' ] [] . o - . .
beFdidededqc O o
TO T+ 72 T3 T4 13 - I - - =Vee
T0 T T2 T3 14718
Figure i5
5;‘ . -
t 4{)
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Now let's see what heppens when triggers are applied to all three !nputs
of the muitivibrator shown in Figure }&. In Figure i6 assume the fiip-
flop is In the clear state {*'i' output is 0.0 volts, 0" output Is high)
prior to T0. -

T ™M T2TI T4 B 7

Figure i6

At TO a trigger is appiled to the set input and the muitivibrator changes
states. Next, the ciear input is triggered and the fiip-fl10p returns to
the clear state at Ti.. A toggle puise at T2 causes the muitivibrator to
change state, so It-is once again set. Another toggie changes the fiip-
-fiop to the clear state at T3 (notice that toggle triggers fllp the mult-
ivibrator regardless of its state). Now & set input trigger at Th sets
the fiip-flop. The ciear input puise at T5 clears the circuit, and the
ciear input at T6 has no effect on the flip-flop, for it is already in

the clear state. ‘

w

To summarize, & set input will set the Fiip-flop If it Is in the clear

state, otherwise, It wili not do anything; a trigger at the clear Input
c#n only clear the clircult If it Is set; and & trigger appl.ed to the
toggle will cause the bistable multivibrator to change states regardiess
of what state it Is in.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS COKRECTLY, PRICEED TO THE NEXT LESSON.

~IF -YOU INCORRECTLY ANSWER OMLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

- PARAGRAPHS, 0: FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS
LESSON YOU ARC HAVING DIFFICULTY WiTH. “IF YOU FEEL THAT YOU MAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSOM, SELECT AND USE
ANOTHER WRITTEN MEOiUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF

*APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU
CAM ANSWER ALL SELF-TEST (TEMS ON THE PROGRESS CWZCK CORRECTLY.

x
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OVERVIEW . 3
LESSON (1

Astable Multivibrator Operation {Free-Running}

In this lesson, you will study and learn about the function of a basic
astable multivibrator; jts schematic and its output waveform.

The learning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S):

23.7.45 When the student completes this course, he will be able to

' TROUBLESHOOT multivibrator (flip-flop,. free-running, one-shot)
Circuits, given a prefaulted training device, appropriate
schematics (or technical manual), test equipment, and naces~
sary tools. Remove and replace similar components on a prac-
tice circuit board. Faulty component identification must be
1002 accurate. Component replacement must pass Learning
Supervisor's inspection. ‘ S

EMABLING OBJECTIVE(S):
When the student completes this lesson, he will be able to:

23.2.45.4  IDENTIFY the schematic diagram of a free-runn!ﬁg (astable)
multivibrator by selecting the correct schematic from a set
of four choices. 100% accuracy is required. - ,

23.2.45.5 IDENTIFY the correct output waveform of a basic free-running

. - (astable) multivibrator by selecting the correct waveform .
‘ description or illustration from 4 set of four choices. 1002 «° . .

accuracy is required. "

23.2.45.6 CONSTRUCT a basic free-running (astable) multivibrator, '
given a schematic diagram or a parts layout template for a
free-running or astable multivibrator and @ supply of parts.
The constructed circuit must be operational as speGified
3 in the job program.

38
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-

23.2.45.6.1 OBSERVE, RECORD, and INTERPRET normal and abnormal output
waveforms of a free-running {astable) multivibrator, given i
the necessary schematics, tools, job program, oscilloscope,
and components or circuit boards. All measurements must
fall within tolerances stated in the job program.

»
BEFORE YOU START THIS LESSON, READ THE LESSON LFARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

[
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LIST OF STUDY RESOURCES '
LESSON 111

‘Monostable Multivibrator Operation (One-Shst)

" To learn the material in this lesson, you have the option of choosing,
accarding to your experience and preferences, any or all of the follow-
-ing study resources:

Written Lesson presentation in:
Hodule Booklet:

Summary '
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Three-ill~] "Monostablie Multivibrator®
Job Program Twenty Three-1#|-2 ”Huitlvibrator Systems
* Progress Check

Additional Material(s): , o :
Audio/Visual Program Twenty Three-111 "Monostable Multivibrator
Operation"

Enrichment Material (s):

+

Basic Electronics, Vol. 2, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUOING THE LEARNING
SUPERVISOR; HOHEVER ALL MATERIALS LISTEO ARE NOT NECKSSARILY REQUIRED -
TO ACHIEVE LESSON OBJECTIVES. THE’ PROGRESS CHECK MAY B TAKEN AT ANY .
TIME. !

R
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SUMMARY
LESSON 1

Astable Multivibrator Operation (Free—runn{ngl ' .

An gstable muiltivibrator is also known as a free-rurning multivibrator.

It is called free~running because it freely alternates between two differ-
ent output voltage levels. The output is & square-wave used for timing”
and ,ating purposes in electronic equipment. :

The schematlc of the astable multivibrator is shown in Figure 1,

-vcc

Figure |

Like the fllp-fltop, the astable multivibrator has two outputs. But
the astatle multlvibrator has no Inputs.: It Is a type of oscillator
since §t generates a continuous ¢ output signal (a square wave) with no
input_signal.

When the circuit I's energized, one of the transistors will cut~off,

Therefore, one output wiil be a relatively hi?h voltage (approximately
-¥cc) when the other output is a low voltage lapproximetely 0 V).

L]
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Fidhge‘Z Il1lustrates an astable multivibrator witﬁ Q] saturated agd Q2

cut-of f. .
_ I-Vcc

02
(CUT-OFF) -

v L Figure 2

The ¢ircuit will remain in this state for a definite period of time,

This period of time is determined by the time constant R2 X Cl. Capacitor
C) is connected to the base of transistor Q2 (which is now cut-off). As
the'right side of C1 charges (becomes more negative), the base of Q2

Is also becoming more negative. When the base of Q2 becomes sufficiently’
negative to cause Q2 to conduct, Q2 will rapidly saturate. The resulting
rise in voltage at output #2 (from approximately -Vcc to approximately

Ov) is-transmitted through C2 to the buse of transistor Ql. Transistor

Q! then goes into a state of cut-off.

%5 . .
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L]

The conditiond of the two transistors have now been reversed. Figure 3
illustrates Q1 cut-off and Q2 saturated.

. ;I'“*

" QUTPUT
NO.t NO.2 . .
o
o

Figure 3

-

Now the left side of C2 will become more and more negative, depending on
“the time constant R3 X C2.

-

"_ The base of Q1, consequentiy, becomes more and more negative, After a
definite period of time, Q! wiil again sggurate and Q2 will cut~off.

The out:;ut voltage from transistor Q2 Is illustrated in Figure k., ~ . .

(TIME E‘I’EIIM_I'NEO BY R3X C2)

N ey sl

{TIME DETERMNED BY Ry XCy)

Figure § -

The output voltage (from either output) continually alternates from

approximately 0 V to approximately -Vcc -~ remaining 1n ezch- state for

8 definlte period of time. This output is used for various timing .
purposes -- operating 1ike an electronic clock.

- ] SN
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YQU Y
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. N
{F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THME PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU MAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDJUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING -SUPERVISOR, UNTEL YOU
CAN ANSWER ALt SELF-TEST JTEMS ON THE PROGRESS CHECK CORRECTLY.

a
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PROGRAMMED INSTRUCT ION
LESSON U1

. Astable Multivibrator Operation (Free-running)

THE TEST FRAME {$ 7. GO FIRST TO TEST FRAME 7 ANO SEE"TF YOU CAN ANSWER
ALL THE QUESTIONS THERE. FOLLOW THE OIRECTIONS GIVEN AFTER THE TEST
FRAME . . -

1. The astable multivibrator is a type of oscillator. A square~wave -
oscillator. Once it is energized, it will develop a continucus.square

wave at either of {ts two outputs (Figure 1). ‘ .
ASTABLE | LML
(FREE - AUNNING] -
_ INNpEy

Figure |

Recall that the bistable multlvibrator {flip-fiop) required a trigger

input pulse to change states. The astable multivibritor doesn’t even have
inputs. It will change states-automaticaily, staying in each state

3 & definite period of time. You will find that this circuit s also
calNed the free-running muitivibrator; once it gets started, it will. freely
change from a high valtage to a low voitage level and back and forth with
no trigger input pulses.

The output of a free-running multivibrator is a wave.

.
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2. Does the schematic in Figure 2 look famiifar? It s similar to the
flip-flop schematic. '

M

figure 2

The biggest difference is that the astable multivibrator has no Inputs,
yet it has two outputs. Like the fiip-flop, onc of the transTstors will

_ satuyrate and The other transistor will cut off when we ehergize the cir-

. cuits. So if you measured 8 high voltage at one output, you would measure

. 8.low voltage at the other output.

In flgure 2, if Q! is saturated, Q2 must be

cut-of T .

3. The fiip-flop and the astable muitivibrator look similar. Why should
they operate differently? Why does the astable muitivibrator ''oscillate’,
whereas the flip-flop doesn't? Let's explore the reasons.

92
Y3




'.'.

Twenty Three-1!
"'- -

Refer té Figure 3. Say that transistor Q1 is conducting, but transistor 02
I's cut-off.

R Figure 3

-

Essential}y ALL the current in the ceruit flows through.Ql. Q1 offers
almost no resistance to current.
Notice that cdpacitor C) "}wehirging Since Q1 has almost no resbstance

-tn a saturatéd state, the rate of charge of C) Is dependent on which time
constant?

S

h. Why do you suppose we are concerned with the charging of C1?7 Well,
.notice that C! is connected to the bass of transistor Q2. 02 is cut-off.
But as jts base becomes more negative becauss of the charging of €1, Q2
+*111 start to conduct and will rapldly saturate. {Remember that the con-
duction of 3 transistor is controlled by the voltage on its base.)

93
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Fo.oo.o» Q2 Ts nou ¢onducting. What effect do you think this will have on Q1?7
i . Refar to Figure &. ] : '

“w ]

Figure &

When Q2 serurates, output F2 changes from approximately =Vcc to approx-
imately Ov., This rise in voltage will be coupled thiough (:2 to the base
of Q1, .A:lusing Q! to 9o inte cuteff.

. H‘pen Q2 saturates, Q1 will become o

cut-of }

L

b
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5. Essentially all rhe current [n the system now flows through Q2. See
Figure 5. .

S

O © Figura 5

Ve now have the mirror Image of what we had a moment ago. The left side
of capacitor C2 will now bacome more negative at & rata detarmined by the
time constant R3 X C2. As the left side of C2 becomes more negative, the
bass of Q1 will also become mora negative. When the base of QI becomes
nagative enough to allow Q1 to conduct, Q1 will again go Into saturation
and Q2 will again go to cut-off. ‘

The length of time that transistor QI remalns cut-off is determined by
the charging rate of capacitor .

89 35 )
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6. Let's analyze the output voltage from transistor Q2. Refer to Figure 6,

(TIME DETERWINED BY R3X C2)

. Vo=

Qg CUT-OFF - |
(TIME DETERMINED BY R2XCy) y

Figure 6

The output voltage continually alternates from approximately 0 V to aporox-
imately -¥cc -~ remainlng In each state for a definite period of t(ime, The
time may range from a microsecond to as much as a second or two, [In many
appliications, thz cime period of high voltage and the time pe *-d of low
voitage will be equal.

Some applications, however, require different high and Tow voltage tlimes.

Suppose you need an-astable multivibrator that produces an output with
different pulse widths, Maybe somsthing like Figure 7.

I

1

figure 7 S

s
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To do this, you would need to change the timé the transistor is cut~off.
Well, how about changing the RC time constants? Look at Figure 8.

i-Vctr

\ R R2 S R3

OuTPUT
° ;ixz ‘

o1

Figure 8 ”

The tlme Q2 is In a cut-off state will be determined by the Time Constant

: of Rz X CI. When Rz X CI reaches a predetarmined value the base of Q2

becomes sufficiently negative enough to causg,it to bo into conduction.

When Q2 goes into conduction, C2 will begin to charge. Once (2 reaches
a predetermined value, it will cause Q1 to go into conduction and cause
02 to cut-off once again. Ql's cut-off time will be controlled by the
time constant of R3 X CZ.A .

So what good is it? Well, the astable multivibrator is used in many
applications that require triggering at a particular frequency. In a
sense, it's an electronic clock -- ticking and tocking at a steady rate.

The astable multivibrator is used for
a. amplification.
b. timing.

c. regulation.
d. differentiating. .

51
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b. timing.
7. TEST FRAME

(1) The astable (free-running) multivibrator has

a. two inputs, two outputs,

b. one input, one output.

€. ohe input, two output;. : .
d. no inputs, two output:, :

(2) The output of an astable m1tivibrator is a

* a. negative DC voltage.
b. @ sguare wave.
€. a sine wave,
d. positive DC voitage.

- e o e e e M W O am omm e am ap Mk e e W S o e W W W m W m m W m m = e e m om

(THIS 1S A TEST FRAME. COMPARE YDUR ANSWERS WITH THE CORRECT ANSWERS
GIVE.' AT THE TOP OF THE NEXT PAGE.)

53 99
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1) d. No inputs, two outputs.
(2) b. A square wave..

JF YOUR ANSWERS ARE INCORRECT, GO BACK “TO FRAHE | AND TAKE THE PROGRAMMED
SEQUENCE. ' : .

AT THIS POEINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEHS CORRECTLY, PROCEED TG THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

- PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELZCT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCT1ON, AUDIO/VISUAL MATERIALS (iF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTSL YOU

CAN ANSWER ALL SELF-TEST ITEHS ON THE PRDGRESS CHECX CORRECTLY.

L
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Astable Multivibrator Operation (Freé-runninal

An astable multivibrator is also known as a free-running multivibrator.
Ve call it free-running because it freely alternates between two di.fer-
ent output’ ‘voltage levels all the time it is on. The output remains at
each voltage level for a deflnite perlod of time. If you looked at

this output on an oscilloscope, you would see-the below waveforr':

TIME ——
Figure 1

Remember what this kind of waveform is called? It is a square-wave. The
astable multlvibrator operates like a square-wave oscillator.

Why do we say it is like an oscillator? Hell. an oscillator is a clreuit
that generates a continuous output waveform with no input slgnal, The
astable multivibrator has no input. You should recall that the bistable
multivibrator (flip-flop) has two inputs and two outputs. The astable .
multivibrator also has two outputs, but- no -inputs.
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fhe schematics for the twc mulfivibrators appear similar. Take a lqok at
the astable multivibrator schematic in Figure 2. ' .

I-Voc

R4

C2
ouTeUT

OuUTPUT
Madl NO.2 .

NO.1

-~ , Figure 2

In addition to appearance, there are other sfmilarities between the
astable and bistable multivibrators. Like the flip-flop, one of the
transistors will saturate and the other transistor will cut-off when

we energize the circuit. Therefore, one output will be a relatively - .
high voltage (approximately -Vcc) when the other output is a low

voltage (approximately 0 V). : ,

'But the astable multivibrator "oscillates,’ whereas the flip-flop
doesn't. [n order to explain why the astable multivibrator oscillates,
let's assume that transistor Ql saturates and transistor Q2 cuts off
when we energize the circuit. This situation is shown in Figure 3.

: ®
6:, .

o
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{CuT-CFP

Figure 3

Essentlally ALL the current in the circult flows through Q1. QI offers
almost no resistance to current. .

Notice that capacitor Cl Is charging. Since Q! has almost no resistance
- in a saturated state, the rate of charge of Cl Is dependent on which time
constant? )

a. RI XC)
b. R2 X Ci
¢. RIXCI .

- M e wm ap W a m W s B P m oa W om W m W g m W E W W om W om oW o o W W oa owm W

B RZX LT

Let's take another look at Figure 3. Notlce that the right-hand side of
capacitor C] is connected to the base of transistor Q2. Q2 Is now cut-
off, .

Let's put one and one together. Flrst one: the right-hand side of
capacitor Cl is becoming more and more negative. Second one: If the
base of Q2 becomes sufficiently negative, Q2 will conduct. Conclusion:
after a certaln period of time, the base of 02 wil) become sufficiently
negative to cause Q2 to change from cut-off to conduction. What do you
suppose determir~.s how long It takes for Q2 to become saturated? ''The
time constant ' you say. Wwhat time constant? 'R2 X C1."

RICT 763
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So what happefs now? Look at Figure &.

. Figure &

The negative voltage on the right side of capacitor (1! has caused Q2 to
conduct. Now the follewing sequence of events will take place almost
instantaneously. Q2 starts conducting and quickly saturates, and the
voltage at output #2 changes from approximately -Vcc to approximately

0.0v. This change in voltage will be coupled through €2 to the base of .,
causing QI to cut-off.

N

Now we have QI in cut-off and Q2 In saturation. See Figure §.

i\‘cc

ouTPLT

ouTPUT
NO.1 NO.2
Q2
(CUT-OFF) {SATURATED)

Flgure 5

58 64 .
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Notice that Figure 5 is the mirror image of Figure 3. The left side of

capacitor €2 will now become more negative at a rate determined by the

time constant R3 X €C2. As the left side of C2 becomes more negative, the

base of Q) will - also become more negative. When the base of Q] becomes

negative enough to allow Q) to conduct, Ql will again 9o into saturation. . - .:
The resulting change in voltage at output #1 will cause Q2 to go back to

cut-off.

The length of time that transistor Q! remains cut-off is determined_by the
charging rate of capacitor

i

Let's take a look at the output voltage from transistor Q2.
Figure 6 illustrates the waveform at the output of Q2.

(TIME DETERMINED BY RyX Cy)

-vm— -

Q3 CUT-OFF
{TIME DETERMINED BY R2XCy)

Figure 6

The output voltage (from either output) continually alternates from approxi-
mately 0.0v to approximately -Vcc -- remaining in each state for a definite
period of time. The time may range from a microsecond to as much as a
second or two. In many applications, the time period of high voltage

(-Vcc) and the time period of low voltage E0.0V) will be equal.
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Some applications, however, require different high and low voltage times.
Timing circuits anu gating circuits often have different pulse widths.
{Pigure 7.)

(TIME DETERMINED BY Ay X C2)

(TIME mna:n BY MpXCy)
‘,--oa SATU! -19-‘r----\\.

L

"\ curorr L 7

Figure 7

To increase the length of time a transistor is saturated or cutoff, one
of the RC time constants [(R3 X Cz) or (Rz X Cl)] must be increased.

The asta’le multivibrator is basically used as a timing circulit or a gating
circuit. Sometimes it is called an electronic clock -- ticking and tocking

at a s _eady rate. .
ihe output of an astable multivibrator is

a. negative DC voltage.
. b. a square wave,

c. a sine wave.

d. positive pg voltage.

b. & square wave

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YQU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCECD TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WiLL REFER YQU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YQU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YQU HAVE
FAILED TO UNOERSTAND ALL, QR MOST, OF THE LESSON, SELECT AND USE -
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL You

TAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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: OVIRVIEW - o r
. _ : ~ LESSON 111 o
- ¥ L .
. Monostable Multivibrator Operation (One-Shot)

;‘. . In this lesson, you will study and learn about the schematic, function,
[ the input and; output waveforms of a monostable multivibrator.

The iearning objectives.of this lesson are as follows:

TERMINAL OBJECTIVE(S): ~ )

23.3.45 When the student completes this course, he will be able to
-TROUBLESHOOT multivibrator (flip-flop, free-running, one-shot)

' circults, given a prefaulted training device, appropriate

~— schematics {or technical manual), test equjpment, and neces-
sary tools. Remove and replace similar components On a prac-
tice circuit board. Faulty component ldentification must be
‘1002 accurate. Component replacement must pass .earning
Supe!visor's inspection. -

ENABLING OBJECTIVE(S):
When the student completes this lesson, ke will be able to:

23.3.45.7 IDENTIFY the schematic diagram of a one-shot {monostable).
. multivibrator by selecting the ¢orrect schematic from a
v set of four choices. 100% accuracy is required.

23.3.45.8 IDENTIFY the correct output waveform 'of a basic one-shot

. (monostable) multivibrator by selecting the correct one-shot
multivibqgtor output, for a g ven Input, from a set of four
{ choices. 100% accuracy is required.

L
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o

OVFRVIEW

23.3.45.9 CONSTRLLT a basic one-shot (monostabla) multivibrator, given
a schematic dianram or a parts layout teﬂpfgte and 3 supply
of parts. The constructed circuit must be operational as
specified Tn the jo? program, ’

-

23.3.45.9.1 OBSERVE, RECORD, and INTERPREY normal and abnormal output
waveforms of a one-shot (monostable) multivibrator, given
the necessary schematics, tools, job program, an oscillo-
scope, and components of circuit boards. All measurements
must fal! within tolerances stated in the job program.

23.3.55.10 IDENTIFY a malfunctioning component in a prefaulted multi- ~
' . vibrator (Bistable, Astable, Monoftaple) circuit, given
the necessary tools, ' job program. a prefaulted training”
device, an oscilloscope, and the appropriate techn;:;{s
manual or schematic. Fault diagnosis to be 100% cofrect.

. ’:(

" BEF E YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 11}

Morostakle Multivibrator Operation (One-Shot)

A

To learn the material in this lesson, you have the oPtion of choosing,
according to your experlence and Preferences, any or all of the follow-
o ing study resources:

Writte: Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:

Job Program Twenty Three-l1)1-1 "Monostable Multivibrator"
Job Program Twenty Three-111-2 "Multivibrator Systems'
Progress Check ’

Additional Material{s):

Audio/Visual Program Twenty Three-l1! ‘Monostatle Multivibrator
Operation"

Enrichment Material(s): '

Basic Electronics Vol, 2, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARHING
SUPERVISOR; MOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY .
TIME.
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SUMMARY
LESSON 111

Monostable Hultlyibrator Operation (One-Shot)

The monostable multivibrator circuit is basically used for oulse-shaping.
Frequently it is known as a one-shot multivibrator. It is used in
computer logic systems, electronic contro! systems, radar pulse-forming
systems, and communication/navigation equipment. The one-shot will

take a series of input trigger pulses and convert them to uniform square
pulses (Figure.1).

' - MONDSTAN.E L
.L.L—f-L—l— MULTIVIBRATOR _]—LI_L][_U_L

™ T2 13 T T2 13

Figure f

A schematic for 8 monostable multivibrator is shown in‘Figure 2.

OUTPUT

‘M 2

Figure 2
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Immediately after the one-shot is energized, transistor Q) will cut-off pnd .
transistor Q2 will saturate. Notice that a positive vo{tage (+Vbb) is applied

to the base of Q1 through R5. Q2 will saturate because of the negative
voltage applied to its base through R2. The circuit is now in its stable
state (monostable means one stable state)}, as shown in Figure 3.

The output of the one-shot is taken from the collector of Q2. Since 02
is saturated, the output voltage is appcoximately O V (Figure 3).

Figure 3

As long as you do not apply an input signal, the output will continuously
measure zero volts.
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1f you apply a negative pulse at the input of the one-shot circuit in

Figure &, the base of Q1 will become negative. 0l will immediately sat-
urate -- causing the voltage at its collector to rise to approximately

zero volts. This risé in voitage is coupled through C! to the base of Q2 --
causing Q2 to cut-off, When Q2 stops conducting, the voltage at its col-
lector drops to approximately -vcc'

The output voltage is now -Vcc. The output voltage will now remain at
-vcc for a definite period of time determined by the time constant

R2 x C1. In other words, as the right side of Cl becomes more and more
negative, the base of Q2 will become more and more negative.

Z'\'cc

F.gure &
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Eventually, the base of Q2 will become sufficiently negative to cause .
Q2 to conduct. Q2 will rapidly saturate, and the output voltage will
rise to O V. The circuit has then returned to its stable state (Fig-
ure 5). '

L]

Bn—

JMﬁ/V—- © QUTPUT
OV —
_'cc -----
o2 oY%
g2h%
urom g .
4: .

INPUT

Figure §

Each time a negative pulse is applied to the input, tie one-shot output will
change from O V to -Vcc. It will remain at -vcc for a definite length of .

time. Then it will automatically return to O V.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE MNEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,

THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WiTH. IF YOU FEEL THAT YOU HAVE .
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUD10/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WETH LEARNING SUPERVISOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 4!

Monostable Multivibrator Operation (One-Shot)

TEST FRAME #S 11, AS BEFORE, GO FIRST TO TEST FRAME 11 AND SEE IF YOU
CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER
THE TEST FRAME. ‘ )

1. There are numerous appllications of the monostable multivibrator. You
wili discover that it is a very versatile circuit. It is used in computer
loglc systems, electronic control systems, radar pulse-forming systems,
and communication/navigation equi,ment. Each of these systems requires
a8 circuit that takes a series of input trigger pulses and converts them
to unlform square pulses. Al}l the square output pulses will be the same
amplitude and time duration. See Figure 1. '

' — MONOSTABLE | omeeiliee-

Figure 1

The monostable multivibrator could best be classified as a/an:
a. amplifier circuit. ’
b. pulse-shaping ci&cult.
c. oscillator circuit.
d. Tilter circuit.

b. pulse-shaping circuit.
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. r
2. The schematic for the monostable multivibrator (also known as the one- .
shot) is shown in Figure 2.

Figure 2

The one-shot clircuit has only one input (recall that the astable multivib-
rator has no inputs and the bistable multivibrator has two inputs). There
" is generally only one output -- taken from the collector of Q2. A second
output could be taken from the collector of 0l. This second output would
be the exact reverse of the first. :

The monostable multivibrator has input (s}.
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. 3. The previous two multivibrators (astable and blstable) were symmetrlcal
The monostable it not symmetrical. Notice that the two transistors in the
monostable multivibrator (Figure 3) are biased differently.

R 1‘ Vee

ouUTPUT
ov——
01 oz
{CUT-OFF) (SATURATED!
INPUT e—-—T l
*Vpp
Figure 3

/
. 2£0-When the circuit is First energized, a positive voltage is applied to the
3 base of Q1 through the voltage divider action of R5, R3 and R4, while a
' negative voltage is applied through R2 to the base of Q2. As a result,
Ql is cut off and Q2 saturafes. The circuit will remain in this state
indefinitely; it will not change untess some external force affects it.
This is the reason for the circuit's name; it has onl/ one stable state
(monostable).
In its static state, Q! in the monostable multivibrator {Figure 3) will
be f}__t off/saturated) and Q2 will be (cutoff/saturated).

eut off, saturated {in that order)
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3

b, Let's taxe & closer 100k at what this circuit is doing in its sta-
ble state. With Q2 saturated, its collector voltage is -0.5 V (R4 drop-
ping most of Vcc) so R3 and RS act as a voltage divider between vbb and

ground. The potential at the tie point between R5 and R3 is somewhere

between 0 voits and +6V, thus the voltage on the base of Q] must be po-

sitive and, as we sald earlier, Q) is held at cut off. : With Q1 cut off,
’ its .ollector voltage is at -12V, for without current flow through RI1,
there is nd voltage drop across Rl. R2 is dropping nearly all of vcc,

because one end is connected to Ucc and the other end to negative 0.3

volts at the base of Q2. Cl, with one end connected to -12V a* i1's col-~
lector, is charged to approximately 12 volts with the left end most

negative. . -
{-12v)
I =Vee ,
R1 Ré
R3
o QUTPUT
. l OV —n
KCuT-QaFF)
c2 RS (SATURATED}
+ T j =
INPUT O
+Vbp
{+8v)
Figure &

Basically, this circuit will.not change stat:s because is
connected to a positive voltage.

- e m W a ma m o oa ® B ®m A e o am oEm F a o= o a m =

Q1's base

72
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5. Now let's get to that "external force" that tan change the state of

this multivibrator. A negative trigger pulse of "about one volt {or more)

at the input will cause Qi to conduct, and Ql's collector voltage wiil

instantly change to nearly zero volts. The charge on C1 now will act as

a voltage source with its left side at ground potential and a positive

voltage on its right base terminal. This positive voltage will cut off

Q2; Q2's collector will promptly go to -12V; and the R3-RS voltage di-_

vider will hold the base of Q1 to about -0.3V to Tock Q1 in saturation.

When an input pulse cuts off Q1, the sudden change in its collector vol-
tage is coupled to Q2 by .

cl

6. Once again, let's go over the circuit in detail, this time looking

at conditions as they are just after a negative input pulse has been
applled. Q) is saturated; it's collector has a very small voltage; and

. Rl drops approximately 12 volts. C) is charged to nearly 12 volts, so

the base of Q2 is about 11 volts positive == more than enough to positively
cut off Q2. with Q2 cut off R}, Rk and RS act as a voltage divider

network between -12 ¥ (Vcc) and +6V (Vbb). The circuit values

are chosen so that this holds Qi's base at about -3V which keeps QI
conducting.

(=12}

e

-5 R4
R3 ~12v
AN OUTPUT
. Oven
.vcvcl *

+91.5v

(SATURATEDI {CUT-OFF}

v
INPUT o
- ' (+6v)-

Figure §

What component causes the. base of Q2 to he positive?

- o W B B W W m o w B m B m o m ow W M o B m B E o B Wk d W W m o - & ® . o
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7. The circuit is now in an unstable cendition. It will remain in this
state for a definite period of time. It will then revert automatically
back to its original stable state. -

In figure 6, electrons flowing through R2 to the right side of Cl will
halance the charge on C} (discharge Cl) so that the base of Q2 gradually
becomes more negative. At some po.at, Q2 will start conducting again;
this wlll cause Q! to cut of f and the circuit will flop back to its sta-
bie state. The length of time that Q2 is cut off depends on the RC time
constant of C1 and R2. (You may want to review RC' time constants at
this time.,

What will happen to Q2's cut off tiﬁe if the vatue of R2 increases?

QZ will be cut off lTonger

B. Let's use a timing diagram to quickly go through this operation again.
(A timing diagram is a series of wave forms taken from different points
in @ circuit and drawn on the same time base to show time relationship.)

ouTPUT

oy v
el

50 .
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Figure 7
- Q -
. At time zero (T,) the circuit is in its stable state and all the voltages

are just sitting there, nice and steady -- until TI' TI is when we apply

_.__An. input pulse and a lot of things start happening; 0l's collector goes .
positive to about zero volts, Cl couples the positive charge to the base
of (2.-Q2 cursoffand—ceuses—its col lector voltage to drop to.-12V, and
this causes the base of Ql _to drop to a negative value (saturate}. Re-
member, al) this happens so fast that we can't See any time difference
in these events. .

Now, during the time from Tl to TZ' cl is diséharged by the current

through R2, and their time constant determines how long it is from T, to
TZ'
Q2 is negative, and Q1's base is negative.

}
All this time the collector of Q1 is at zero volts, the collector of

At TZ' the base of Q2 finally becomes negative enough to cause 92 to con-

duct. The other voltage changes shown on the diagram take place instantan-

eously and the circuit returns to its stable state -- except for the peak at..
' the base of Q2. You've probably already quessed that this peak is

caused by C1'. :harging back up. to twelve volts. This charge time Is

much shorter for the charge path is through Rl now, and Rl has much less

resistance than R2. As soon as Cl has completely charged,, the multivibra-

tor reverts to its stable state and will just sit and wait for the pext

. inpui pulse to come along.

: s 81
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What determines the length o, time that the collector ar 02 remains nega-
tive?

The time constant of C| and R2.

9. The normal output from the one shot multivibrator is taken from the
collector of 02, so the output is a fixed width, negative pulse for each
input pulse. [f, for some reason, we want & positive going pulse, we
can use & circuit containing NPN transistors or we can take the output
from the.collector of Q1 in a PNP transistor circuit. (See Figure 6§ jn

- Frame 8.)
Select the correct output waveform given the below input waveform to a one-
shot multivibrator which uses PNP transistors.

Trr e |

T2

' a.jo'

TT* T2 T3

b, OV gy

- 'J’cc.‘-- vl J_
< T T2 T3 s

= vee.. L L]
T T2 T3

d. Ov I__‘ ,_l,._
T1 T2 T3

i 76
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10. The input trigger pulses and the output square pulses may be either
positive or negative depending-on the type of transistors used in the one-
shot. The circuit discussed up to this point used PNP transistors., The
inputs and outputs were negative.

Say that the below one-shot circuit used NPN transistors. Select the correct
output waveform.

Lkl —~9

T

+ee
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reminder..

Averoge man is o0 0.25- megohm,

1. wait resistor.

ot | milliompere, shock is percepiible.
ot 10 mils you con't let go- '
« 100 wils is genorally iatal.

~and techaiclans

02 ciready in short supply.
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11. TEST FRAME .
1. The basic function of a monostable multivibrator is:

a. filtering.
b. pulse-shaping.
c. amplification. . o
. d. differentiating.
2. Select the correct output :‘aveform given the below input waveform
to a one-shot multivibrator which uses NPN transistors.

o —
— 1 ONE
W =2
T T2

L

{THIS 1S A TcST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSwCRS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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1. b, pulse shaping

[+]

Tt ‘T2

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COHPLETED THE PROGRAM-
MED INSTRUCTION FOR LESSON i1ii MODULE TWENTY THREE. OTHERWISE GO BACK TG
FRAME | AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 11 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGL.,
PARAGRAPHS, NR FRAMES SO TMAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE
ANOTHER WRITTEM NEDIUM OF 'INSTRUCT!ON, AUDIO/VISUAL MATERIALS (iF
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTiL YU

CAN ANSWER ALL SELF-TEST iTEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRATIVE
LESSON 111

L

Monostable Multivibrator Operation (One-shot)

The operation of the monostable multivibrator (one-shot) is relatively
simple. You trigger the input with a pulse of voltage. The output
changes from one voltage level to a different voltage level. The output
remains at this new voltage level for a definite period of time. Then
the circuit reverts avtomatically to its original condition -~ remaining
that way until another trigger pulse is applied to the input.

The schematic for the one-shot (another name for the .ono-stable multivi-
brator) is shown in Figure 1.

+Vpy
Fiqure ]

Like the other multivibrators, one transistor will saturate and the sther
transistor will cut off when we energlze the circuit.

After you first ‘nergized the other two multivibrators, it was impossible
to predict-whica transistor would initially go to cut-off. But the one-

- shot circuit Is not symmetrlcal Ylke the flip-flop and the astable multi-
vi_rators. Positive voltage (+Vbb) is applied through R5 to ‘the base of
Ql. This positive voltage will cause Q) to cut-off. Transistor Q2 will
saturate because of the negative voltage arplied from -Vcc to its base
through R2. ' '

Therefore, Qi will be cut-off and Q2 will be saturated before we apply
a trlgger pulse,
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The output of the one-shot is connected to the collector of Q2. Since Q2
is saturated, the output voltage is approximately 0.0V. (Figure 2.)

I"Vcc

:
N
4
L

Figure 2

The clircult Is now in Its stable state. The monostable multivibrator has .
one stable state (mono means one; monosteble means one stable state). As
long as you do not apply an input slignal, the output will continuously
measure zero volts.

Let's take a more detaliied ook 2t the clreult conditions in this stable
state {refer to Figure 2). As we sald Q1 is cut off, so there is no cur-
rent flow through Rl and the collector of Q1 is at -vcc. Q2 is saturated
and has practically no voltage-drop across it, so {ts collector is at
essentially zero volts. RS and R3 form a voltage divider from +Vbb to
the ground potential at Q2's collector. The tie point between thcse two
resistors must therefore be positive. Thus the base of QI Is held posi-
tive ensuring that Q1 re.3ins cut-0ff. Q2 will remajn saturated because
the base of Q2 Is very slightly (probably about 0.5V) negative, for it is
returned to -Vec and Q2's conditlion will keep its base potentlal near its
emitter potential by the voltage drop across R2. How, if the collector
of Q1 is near ~Vec and the base of 72 Is near ground; €1 must be charged
to nearly Vcc voits with the rolarity shown In Figure 2.
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0K, now that we have oll the components and voltages sorted out for the
stable state -- let's see how it operates. This is done by applying

a negitive pulse at the input termenal C2 couples this voltage

change to the base of Q1 and starts Q1 conducting. QI will quickly satur-
ate, and Tts collector voltage will immediately rise to ground potential.
This sharp voltage rige will be coupled through Cl to the base of Q2 --
causing Q2 to cut-off. Q2's collector voltage immediately drops to Vcc;
the voltage divider formed by RS and R3 will then hold Ql's base negative
{(it's designed that way). and Q1 is locked in saturation. This is

shown in Figure 3. '

=Veeo'

+¥bb

Figure 3

We have now turned the one-shot "on' by applying a pulse at the input.
It should turn itself “off"* after a period of time. Let's see if it does.

Looking at Figure 3, we know Ql is held in saturation by a negative volt~
age connected througt R3 to its base, so the circu.t can't be turned off
here. Let's look at the base of Q2. This base is connected to the nega-
tive supply {-Vcc) through R2, so the base is negative and Q2 is conducting,
right? Wrong! We lust coupled a positive voltage change (pulse} from Ql's
collector to the base of Q2 and cut Q2 off. Miybe we need to take a closer -
look at what is happening here!l When the collector of Q1 switches from
-Vcc volts to zero volts, the charge on Ci acts like a battéry with its
negative terminal on Ql's collector and its positive terminal connected

to Q2's base, and this vcltage is what cuts Q2 off. But R2 connecis the
positively charged plate of C! to a negative source, so Cl rnust begin to
discharge througt Q) to ground, back through -VCC, through R2 and the

other side of Ci. How long wifl it take for C! to discharge? That

depends on the RC time constant of Cl and R2. ({You may want to revlew :

RC Time Constants.} A timing diagram (Figu-e &) s;hows trese events in

a way that should be fairly clear now. Go back chrough the descriptnon

following the events in these waveforms if you aren't sure you understand
what Ts happening.




 Narrative Twenty Three-111

i'-— STABLE STATE *h-i:" C1 DISCHARGE —
[thp=- = ————

1
T " i

A1 COLLECTOR

42 COLLECTON

e

Figure &

The only part of the operation not described so far is the short ¢ charge
time that occurs right after Q1 and Q2 return to their stable states.

This is simply tae time required for Cl to galn- electrons or its left
side, and it is determined by the Rl X C1 time constant.

Figure 5
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The length 'of ‘time that the output remained at -Vcc was determined by the
time constant R2 x Cl.

Noww the output will remain at 0 volts unti) another pulse is applied at
~ the input.

By now, you are probably worndering '"What good is it?'"' Well, the one-shot
"multivibrator is a very useful circuit. Basically, it is used as a pulse-
shaping circuit. A series of i(rigger pulses at the input wil) produce a

series of uniform square ;ulses at the output., See Figure 6.

| —=| MONOSTABLE
_-L“—é—}a— MULTIVIBRATOR

. Figure 6

Applications include computer logic circuits, electronic control circuits,
radar pulse-forming circuits, and comunication/navigatic - equipment. As
you continue your study of electronics, you will encount r various appli-
cations of the one~shot as part of more complex circuit . Like the other
multivibrators, it is a building block that performs one function in a
larger structure,




Narrative Twenty Three-:l|

Given the below input waveform to a2 one-shot multivibrator, setect the
correct output waveform.
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AT THIS POINT, YOU MAY TAKE THE LESSOM PROGRESS CHECK. IF YDU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCFED TQ THE NEXT LESSON.

IF YOU INCDRRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REF-R YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS DF THIS
LESSON YOU ARE HAVING DI!FFICULTY WITH. IF YOU FEF. THAT YOU HAYE
FAILED TO UNDERSTAND ALL, OR MOST, DF THE LESSDN, SELECT AMD USE
ANOTHER WRITTEN MEQIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICAELE), DR CONSULTATION WITH LEARNING -SUPERYISOR, UNTIL YOU

CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECX CORRECTLY.
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